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accurate. Future modeling studies 
could explore the role of controlled 
degradation of the CRY proteins on 
the overall clock behavior. Siepka et 
al. (2007) also provide quantitative 
measurements of many previously 
unknown rate constants, which can 
be directly put into mathematical 
models. These studies can be used 
to generate much more accurate 
mathematical models that can guide 
future circadian research and make 
predictions about potential pharma-
cologic interventions to alleviate the 
symptoms of circadian disorders.
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Satellite cells are crucial for maintaining muscle homeostasis and for regeneration 
following injury. In this issue, Kuang et al. (2007) reveal that muscle satellite cells are a 
heterogeneous mixture of stem cells and committed myogenic progenitors. They show 
that asymmetric division of stem cells in the satellite cell niche is a mechanism for gener-
ating these two populations.Evidence is accumulating that adult 
muscle satellite cells, the main regen-
erative cells in skeletal muscle, are 
a heterogeneous population of stem 
cells and committed progenitors 
(Zammit et al., 2006). However, con-
clusive functional evidence for this 
heterogeneity has been lacking, in 
part because of an absence of mark-
ers with which to distinguish subpop-
ulations of satellite cells. In this issue, 
Kuang et al. (2007) address the issue 
of satellite cell “stemness.”
Satellite cells are commonly identi-
fied by expression of the paired-box transcription factor Pax7, which is 
also expressed by muscle progeni-
tors in embryonic somites (Zammit 
et al., 2006). Adult mice lacking Pax7 
are severely deficient in satellite cells 
(Seale et al., 2000; Zammit et al., 
2006). Kuang et al. (2007) now reveal 
heterogeneity within the satellite cell 
population. They show that satellite 
cells expressing Pax7 differentially 
express Myf5, one of three muscle 
determination proteins necessary for 
progenitor cell commitment (Kassar-
Duchossoy et al., 2004). They then 
characterize the differences between Cell 12the cells that express Myf5 (87%) and 
those that lack Myf5 expression (13%). 
The discovery of these two popula-
tions suggests a lineage relationship 
between the two types of cells and 
implies that those cells expressing 
Myf5 are more committed to a mus-
cle fate. They validate this relationship 
using Myf5Cre mice and a reporter cell 
line such that satellite cells express-
ing Myf5 are permanently marked 
with a yellow fluorescent protein (YFP) 
reporter during prenatal and postna-
tal development, regardless of pos-
sible downregulation of Myf5 at later 9, June 1, 2007 ©2007 Elsevier Inc. 859
figure 1. symmetric and Asymmetric Division of Muscle satellite cells
Asymmetric division of stem cells generates self-renewing and committed daughter cells. Sym-
metric divisions generate either two self-renewing cells that are Pax7+/Myf5− (green) or two com-
mitted cells that are Pax7+/Myf5+ (red). In adult skeletal muscle, symmetric divisions (where the 
mitotic spindle is oriented parallel to the muscle fiber axis) generate two identical (either stem or 
committed progenitor) daughter cells that both contact the basal lamina and the plasmalemma. 
Asymmetric division (where the mitotic spindle is oriented perpendicular to the fiber axis) gener-
ates one self-renewing cell (Pax7+/Myf5−) that remains in contact with the basal lamina and one 
committed cell (Pax7+/Myf5+) that is adjacent to the plasmalemma but has lost contact with the 
basal lamina. A similar situation may occur in the dermomyotome of embryonic somites (bottom), 
where presumed asymmetric divisions generate one self-renewing cell (that may be Pax3/7+/
Myf5−) adjacent to the basal lamina and one committed cell (that may be Pax3/7+/Myf5+), which 
enters the myotome to generate myoblasts and differentiated muscle cells. This model of the 
dermomyotome remains to be formally demonstrated.stages. Accordingly, a subpopulation 
(10%) of perinatal and adult satellite 
cells was found to express only Pax7 
and not YFP, whereas the remainder 
expressed both.
Asymmetric division of stem cells, 
yielding one stem cell and one com-
mitted daughter cell, is favored by 
specific stem cell niches. Interest-
ingly, compromised signaling via the 
Notch receptor results in the loss of 
muscle progenitors in the mouse 
embryo (Schuster-Gossler et al., 
2007; Vasyutina et al., 2007), where 
the Notch ligand Delta-like1 in com-
mitted cells is thought to signal to 
adjacent stem cells to maintain the 
stem cell pool, as postulated for the 
retina (Henrique et al., 1997). Asym-
metric cell divisions have also been 
reported in muscle satellite cells 
(Conboy and Rando, 2002; Shinin et 
al., 2006). Kuang et al. (2007) now 
show that the expression of Delta-
like1 is restricted to the more com-860 Cell 129, June 1, 2007 ©2007 Elsevmitted cells during cell division, thus 
implicating Notch signaling in cell 
fate choice during oriented asym-
metric cell divisions.
Symmetric cell divisions in the 
muscle fiber (constituting 90% of 
all divisions) result in both daugh-
ters remaining in contact with the 
plasmalemma of the myofiber and 
the basal lamina, which encom-
passes the satellite cell. Notably, it 
is implied from the expression of the 
marker genes that these symmetric 
cell divisions can result either in the 
self-renewal or the myogenic com-
mitment of both daughter cells (Fig-
ure 1). Strikingly, Kuang and col-
leagues also provide evidence for 
asymmetric cell divisions (10% of all 
divisions) that occur perpendicular 
to the muscle fiber. These result in 
one daughter cell remaining in con-
tact with the basal lamina and the 
other daughter cell losing this inter-
action but maintaining contact with ier Inc.the plasmalemma. The cell proxi-
mal to the plasmalemma expresses 
higher levels of Myf5nlacZ, whereas 
the cell proximal to the basal lamina 
preferentially expresses Pax7 (Fig-
ure 1). This observation raises the 
intriguing possibility that the former 
will fuse with the fiber, whereas the 
latter will remain in the niche to gen-
erate other stem cells or re-enter 
quiescence.
The ordered basal-apical orienta-
tion of epithelia in, for example, the 
skin offers an anatomical analogy to 
the model proposed here in which 
the stem cell retains a basal posi-
tion adherent to the basal lamina 
following asymmetric cell division 
and the committed progenitor cell is 
displaced upwards while embarking 
on terminal differentiation. Another 
analogy can be made with the der-
momyotome of embryonic somites, 
which has an apical-basal polarity 
and harbors skeletal muscle stem 
cells. However, in the dermomyo-
tome conclusive evidence is lack-
ing for an association between self-
renewing cells and the basal lamina 
and for the migration of committed 
cells into the myotome. As the basal 
lamina adheres tightly to the muscle 
plasmalemma as well as to the satel-
lite cell, the satellite cell niche would 
appear to present a restricted envi-
ronment for perpendicular cell divi-
sion. Kuang et al. (2007) observed 
perpendicular divisions after satellite 
cell activation by the administration 
of cardiotoxin, a muscle-damaging 
agent. It remains possible that the 
frequency of symmetric versus asym-
metric divisions might be affected by 
the method used to induce satellite 
cell activation.
Does the differential partitioning 
of Pax7 and Myf5 in the two popula-
tions correlate with distinct satellite cell 
functions? As the cells that lack Myf5 
expression are not marked by YFP, the 
authors used α7/β1 integrin to isolate 
the total satellite cell population by flow 
cytometry to perform functional tests. 
These cells were then further fraction-
ated based on YFP expression. They 
found that 90% of the cells that express 
YFP are Pax7 positive and 67% of cells 
that lack YFP are Pax7 positive. This 
observation suggests that either a 
Pax7-negative population of satellite 
cells is present in muscle or that some 
nonsatellite cells cofractionated with 
these marker combinations. We note 
also that the skeletal muscle specifi-
city of Myf5Cre has not been fully dem-
onstrated. Kuang and colleagues then 
demonstrated that the Pax7-positive 
satellite cells that lack Myf5 expression 
displayed a 3-fold greater engraftment 
potential than cells that express Myf5 
when transplanted into satellite-cell-
deficient Pax7 null mice. These find-
ings provide compelling evidence that 
the cells lacking Myf5 expression have 
a “stem-like” phenotype within the sat-
ellite cell population.
This study raises a number of 
intriguing questions. How is the 
choice between symmetric and asym-
metric divisions dictated in the satel-
lite cells that do not express Myf5? Apoptosis is a tidy form of cell 
death. The dying cell quietly com-
mits suicide without disturbing its 
neighbors and the corpse remains 
neatly packaged for clearance by 
phagocytes. This orderly dismantling 
of the apoptotic cell is the purview 
of caspases, enzymes that cleave 
cellular substrates, promoting the 
filling a GAP(D
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vation of caspases. In this iss
glyceraldehyde-3-phosphate d
cell death that may allow metaCan a more committed progenitor 
cell that expresses Myf5 still divide 
asymmetrically to yield, for example, 
one self-renewing and one irreversi-
bly committed daughter cell? It would 
also be interesting to measure the 
occurrence and frequency of asym-
metric perpendicular cell divisions in 
acutely or chronically diseased mus-
cle tissue, where the basal lamina is 
frequently and extensively destroyed. 
Future work may show that the main-
tenance of the stem cell pool during 
homeostasis or its depletion during 
aging or disease may depend on how 
these decisions are executed.
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activation have received intense scru-
tiny, the oft-ignored truth is that mito-
chondrial permeabilization kills cells 
via a caspase-independent pathway if 
caspase activation is prevented. Nev-
ertheless, some cells can evade cas-
pase-independent cell death despite 
the blow to their mitochondria. In this 
issue, Colell et al. (2007) report the 
-
 cell death even without acti-
dentify the glycolytic enzyme 
bitor of caspase-independent 
 mitochondrial insult.
